In this talk I will discuss two subjects which are studied by nuclear reactions with polarized beams at low and intermediate energies. In the first part I will briefly review the present status of the research of the transfer reactions. In the second part I will show the new development of deuteron induced charge-exchange reaction, namely
. . + (&d,,o) and (d?He) reactions. I will try to show that analyzing power measurements appear to be useful in assigning the Gamow-Teller type transitions.
Transfer reactions
Transfer reactions are still of considerable interest despite their long history. For more than 35 years, measurements of transfer reactions have provided useful spectroscopic information. After a polarized beam became available about 25 years ago they became even more important in the spectroscopic studies due to the j-dependence in analyzing power and in the reaction theories. Now, with better polarized ion source and measuring techniques, measurements of polarization transfer coefficients are adding new dimensions to our knowledge of the transfer reactions.
Since the 1985 symposium in Osaka about 70 papers on the transfer reaction studies with polarized beams have been published. They can be roughly classified into three groups; spectroscopic studies, D-state problems and reaction mechanisms. It is clearly impossible to discuss each of many interesting results appeared instead I have selected three topics from each categories based on my personal taste.
Occupation Probability
The occupation probability of the single particle state is one of the most fundamental quantity in nuclear physics. The one nucleon transfer reaction is a powerful tool to investigate the single particle states. In particular the study with the polarized beam is very important because of the ability of the assignment of the total spin j by using the vector analyzing power.
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It has recently argued111 for the doubly closed-shell nucleus '08Pb that short-range and tensor correlations give rise to a depletion of normally completely filled orbitals close to the Fermi surface. Estimates of this depletion are as large as 30%, although the possibility of the double countingin the theory is pointed out for this large depletion 121. Even larger depletion of the occupation probability near the Fermi surface have been derived experimentally by the (e, e'p) reaction which is considered to be less ambiguous.
In order to understand this depletion mechanism quantitatively one must look for the missing strength (Sj) in the highly excited region. Because of the high level density of the highly excited region the missing strength is spread over many underlying states. This spreading mechanism is not understood well. To identify such a small piece of strength under the circumstances of high level density a high energy resolution measurement is crucial. The excitation energy beyond the particle unbound, particularly neutron unbound region in heavy nuclei, analyses suffer from the uncertainty of the unbound form factor and at the same time owing to the continuum nature of the states the subtraction of the physical background is required and this subtraction is also the subject of another source of ambiguity.
The occupation probability nj may be defined in the transfer reaction as:
where Sj is the spectroscopic factor derived from the exact finite-range Distorted Wave Born Approximation(DWBA) analysis. The absolute Sj value has to be extracted through the analysis. To minimize ambiguities in the course of the analysis care has to be taken in the choice:(i) of bound state wave functions, since Sj depends strongly on the surface region where the transfer reaction occurs, and (ii) of the entrance and exit channel optical potentials since they are non-unique.
The occupation probability around 40Ca is one of the most extensively studied nucleus with polarized beams via the pickup and stripping reactions. Here I show some of the recent results around 40Ca nucleus.
;)Particle states via the stripping reaction. Eckle et a1./3,4/ have measured the 4 0~a ( d : p ) 41Ca reaction at Ea=20MeV with an overall energy resolutions of 6 keV and found 183 levels up to 8.7MeV excitation energy. Angular distributions of each level of cross section and vector analyzing power are analyzed in terms of DWBA as well as CCBA calculations with empirical form factors of well depth method to extract absolute Sj. The obtained results after summing up the spectroscopic factors up to 8.7MeV excitation energy are listed in Table 1 together with those obtained at Ed=56MeV by Matoba et al.151 where the summation is made up to lOMeV excitation energy. It is very important to investigate the same nucleus by different bombarding energies in order to see the consistency of results.
ii)Hole states via the pickup reaction. Hole states in 39Ca have been measured via 40Ca(F,d) reaction by Matoba et a1./6/ at Ep=65MeV with energy resolution of 30keV by using the high resolution spectrograph RAIDEN at Research Center for Nuclear Physics(RCNP), Osaka University/7/.
Observed analyzing power shows clear j-dependence and its angular dependence is stable up to the lOMeV excitation energy. Results are also shown in Table 1. iii) Occupation probability via the (e, er) scattering. Platchkov et al./8/ have performed the 180' electron scattering experiment on the radioactive target 41Ca. Obtained occupation probability of the ground state l f7/2 neutron is 0.17 which should be compared to the stripping reaction of Eckle's result of 0.15 or Matoba's 0.24(9) as is shown in Table 1 , respectively. iv)Theoretical prediction. In the table 1 theoretical predictions on the occupation probability by Nishizaki et al./9/ based on the extended second RPA method are also listed. The ground state correlations due to 2p-2h states is taken into account and the density dependence is also included in an approximate way. Calculations show very small depletion even for the state close to the Fermi-level. Note that the calculations are for the 40Ca but neither 39Ca nor 41Ca. Other theoretical studies predict same magnitudes of depletion/lO/.
It is clear from the Table 1 that occupation probabilities deduced from the (d,p) and (p, d) reactions are consistent with each other within statistical errors. Moreover they are also consistent with the result obtained by the 41Ca(e, e')41Ca reaction as for the ground state of lf712. Therefore there seems to be no large disagreement between transfer data and electron scattering datum. In addition, theoretically estimated occupation probabilities agree fairly well with the experimental results. Thus it indicates that the depletion factor larger than 0.3 for the states near the Fermi-level which are predicted in the ref/l/ seems to be very questionable based on the present results. 
39K
gnd indicates the occupation probability pertinent to the l f7/z ground state in 41Ca.
However, a large disagreement between the transfer results and the electron results is known as for the proton occupation probability . In Table 1 Kramer's approach is very interesting but it is not clear at this moment whether his approach is appropriate or not. Another disagreement is also reported in proton occupation probabilities, particularly 3sIl2 orbit, in lead isotopes /13,14,15/. It is extremely important to resolve the discrepancy between the hadronic probes and the electron scatterings. Systematic studies by using various probes and reactions are certainly helpful to clarify.
Polarization Transfer Coefficients and Deuteron D-state Amplitude
Polarization transfer coefficients(PTC) act as an amplifier of small matrix elements. There is a chance to pickup small amplitudes such as a tensor part by choosing proper combinations of PTCs. The Invariant Amplitude Method(1AM) proposed by Tanifuji and Yazaki/l6/ is a convenient means to investigate relations among the amplitudes. The (&p3 reaction with ! , = 0 on the spin O+ target has 8 PTCs which depend on the tensor interaction out of 12 PTC observables. The tensor interaction is closely related with the deuteron D-state. Sagara/l7/ found an interesting combination which depends solely on the tensor amplitude T :
where U is the amplitude due to central interaction. He found another similar relation but it is not shown here for brevity. , -K,= do depend strongly on the optical potentials and only 10 It has been pointed out by Tanifuji that a similar relation also holds for the I, # 0 transition in terms of the DWBA formalism/20/. As is clear from this example that the PTC is a useful tool to investigate small amplitudes which are otherwise masked.
(d,p) reactions a n d the adiabatic approach
The coupled discretized continuum channels (CDCC) approach which provides accurate three-body wave functions in the deuteron nucleus system has been developed by Kyushu group/21/. In the transfer reaction at medium energies both spin-dependent distortion and D-state effects are important. However these effects have not yet been incorporated in the CDCC because of increased complexity. As a result the adiabatic distorted wave approximation (ADWA) is often employed for the analysis of the transfer reactions. In the case of j, = ! , , -112 transitions above shortcoming becomes most apparent.
Johnson has shown that the far-side dominance together with the parity conservation leads to the following relation between polarization observables/22/ ; where P, is the outgoing proton polarization and A, is the deuteron tensor analyzing power. This relation has been examined by using the well matched transition l,, = 3 in the reaction of 6 6~n ( & p ) 6 7~n (j" = f-) at 88MeV/26/. The P, is obtained from the equivalent analyzing power in the time-reversed 67Zn(p', dl6'Zn reaction at 92MeV. It is found that an interference pattern is present in the difference function which is defined as P, + (1 + 2A,,)/3. The ADWA calculations which include both S-and D-state stripping in finite range and is corrected for non-local effects failed to reproduce this oscillating pattern. Note that the difference function is insensitive to spin-orbit interactions or spinflip effects in the deuteron channel. The oscillation in the difference function indicates the interference of near-and far-sides amplitudes. For that the near-side amplitude has to be increased to an extent as much as comparable to the far-side amplitude by some reason.
An improvement of the ADWA has been attempted by employing an approach of the quasi-adiabatic approximation of Amakawa, Austern and Vincent/27/. In the ADWA treatment the breakup states of the incident deuteron is degenerated in energy into the ground state of deuteron while in the quasi-ADWA treatment this degeneracy is removed and the center-of-mass energy of breakup np pair is explicitly taken into account. With this prescription the interference is much better reproduced in spite of the preliminary quasi-ADWA calculations with zero-range approximation/26/. Thus the quasi-ADWA treatment is able to recover the missing near-side amplitudes. This is a very encouraging result and the refinement of the calculation including the finite-range should be done. Such an effort is valuable to understand the three-body reaction mechanism in a simpler model. At the same time it is obviously needed to pursuit the CDCC calculations which describe the three-body reaction accurately to assess the validity of the quasi-ADWA treatment as well.
D e u t e r o n induced charge-exchange reactions
The study of the spin-isospin excitations in nuclei is currently of considerable interest/27/. The (d,d.,o) and (d?He) reactions are, in many respects, a unique tool for exciting spin-and isospin-flip states, since both reactions excite exclusively spin-and isospin-flip states. d. , O or 'He indicates a proton-neutron or proton-proton system coupled to the singlet S-state ['So]. Tensor analyzing power measurements in the reactions of (4 d.,o) and (&'He) give almost identical information as obtained through the polarization transfer measurements in the (&& and (n',p3 reactions which require elaborate double or triple scattering measurements/28/. Here, recent new development of the deuteron induced charge-exchange reactions is described. Some emphasis is placed on the ( 4 d.,,) rection since such a reaction has never been studied before partly because of a serious background from the elastic breakup of the deuteron and partly because a low counting efficiency of neutrons. Significant progress in spin-isospin response functions for the A and quasi-free scattering region has been made at SATURNE by the (&'He) reaction and results is presented by Delorme in this conference/29/.
Migdal-Watson approximation
Migdal/30/ and Watson/31/ have shown that the three-body reaction problem can be reduced to the two-body reaction problem, which is certainly much easier to handle, under the assumptions of: small relative energy of pn or pp pair, very strong final state interaction(FS1) and short-range character of reaction interactions. The triple differential cross section for the (d, d.,o) reaction is , where P(ep,) is the state density and E , is the relative energy of the pn system. Extension to the (d?He) rection is obvious. Figure 1 shows the state density P ( € ) for the pn or pp pair as a function of relative energies of them. The 'So state of the pn pair has a sharp peak at about 60 keV while that of pp pair shows a broad bump peaked at about 700 keV. In the pn scattering the 3S1 state is allowed while in the pp scattering it is strictly forbidden due to the Pauli principle. The contribution from the 3S1 state in the (d,pn) reaction can be removed experimentally by utilizing a large difference in the shape of P ( € ) between 'So state and 3S1 state.
Although the Migdal-Watson theory is able to describe conveniently the relative energy distribution, it is not possible to give an absolute magnitude or an angular distribution of the cross sections. In order to calculate these quantities the DWBA treatment under the strong FSI has been developed by Okamura/32/ by extending the conventional DWBA code for the two-body reaction although it is primarily a three-body reaction problem.
' Z C ( J~, ,~) and " c (~' H~) reactions
The reaction mechanism ha's been s_tudied by using "C target whose structure is well known. Both "~( 4 d,,o) and l2C(d?He) reactions is able to excite the final states in analogue relations. Experimental procedures are described elsewhere/32,33,34/ and therefore they will be described briefly. All the measurements were performed at RCNP, Osaka University. Polarized deuteron beams of 56 and 70 MeV with 80 % pola.rization of the ideal value were provided by the AVF cyclotron. i) *'C(& d,=o)12C rneasurement/32,33/ Schematic layout of the experimental setup is shown in Fig.Z(a) . Protons were detected by a counter telescope which consisted of a plastic scintillation counter and AE-E silicon solid state detectors. Neutrons were detected by a NE213 liquid scintillation counter and their energies were determined by the time-of-flight method. The angular distribution from 15' to 65' was measured simultaneously by using six pairs of counter telescopes. Typical solid angles were 15 and 8 msr for the proton and neutron detectors, respectively. Measurement of B = 0' was made with the spectrograph DUMAS/35/. Fig.3 shows a two-dimensional coincidence energy spectrum at B, = B, = 35" for the 12C(d,pn) reaction at 56 MeV. A corresponding summed energy spectrum is shown in fig.4a . The well-known T = 1 states of ''C are strongly excited showing a clear selectivity of spin-and isospin-flip mode. The T = 0 state such as the ground and 2+ (4.4MeV) states are also excited due to the contribution from the 3S1 state. Owing to its narrow distribution, unambiguous identification of the 'So state is made by fitting the relative energy spectrum E, with the Migdal-Watson theory, taking the detection efficiency of the neutron detector and the geometrical solid angles of the proton and neutron detector into account, as shown in fig.4b . The differential cross sections and vector analyaing powers of the 1 2~(~d , = o ) 1 2 C reaction are shown in fig.5 , for the unresolved l+ and 2+ states, the 2--4-doublet and 1-state. The solid curves in the figure are the results of the prior-form DWBA analysis without any normalization. The experimental angular distributions are reasopably well reproduced/33/.
ii) 12C(@He)12~ measurement/34,36,37/ Schematic layout of the the silicon counter array for the p-p[lSo] detection is shown in Fig.2(b) /36/. This array structure increases total detection efficiency hy about a factor of 5 compared to the case of using only two telescopes because six different pairs of telescopes can be used: four pairs with large efficiency and two smaller efficiency( diagonal pair). Each telescope consists of AE-E-E, SSDs with a solid angle of 13 msr. Measurement of B = 0" was made again with the spectrograph DUMAS/35/.
The 12c(@He)12~ reaction was measured at 70 MeV/34,37/. Results are not shown This similarity between 12~(&d,,o)'2C and 1 2~( & 2~e ) 1 2~ reactions strongly suggests that the reactions are dominated by the single-step process. If two-or multi-step processes are important, resultant angular distributions and analyzing powers will be very different since possible intermediate states are very different. It also suggests that the optical potentials of the exit channel for daFo and 2He are similar. It therefore implies that the unbound objects d,,o and 2He can be regarded as "partic1e"s. This is the basis of the validity of the present DWBA treatment with FSI.
F , + E ,
Another important conclusion can be drawn from the experimental results. The vector analyzing power(A,) shows a characteristic feature depending on the spin-and parity-transfer:A, is negative for the l+ state while it is positive for 2-state at forward angles. This feature is also confirmed by the DWBA calculations and it is insensitive to the parameters used in the calculations. Thus the A, is useful for the spin and parity assignment particularly for the Gamow-Teller transition.
Measurements have been extended to the following targets: In the next section most recent result on the "~( &~~e ) l ' B e reaction is shown. Since the discovery of a neutron halo in large neutron-excess nuclei ,"Li,"Be,14Be/41/, a lot of interest has been placed on the nuclear structure of such nuclei. Little is known on the structure of "Be. The pound state has an anomalous spin and ~a r i t y of f +. As for the excited state, spin and parity assignment has been made for only two states/42/. The shell model calculations by Fukunishi, Sagawa and Ohtsuka/43/ ~r e d i c t GamowTeller transitions(A4 = 0, A S = 1) in the low exited region(& < 5MeV) and a lot of spin-flip dipole transitions(Al = 1, A S = 1) forming a kind of spin-flip dipole giant resonance(SFDR) at E, = 5 -12 MeV. The SFDR is excited by the T[Y~u](')T+ operator and exhausts 42% of the S+ sum rule value. Owing to the loosely bound neutron which is the origin of neutron halo the main strength of the SFDR is shifted down as much as 2 MeV. In order t o get more structure information on "Be the "B(@H~) reaction has been employed at 70 MeV/40/. Here I show preliminary result. Figure 6 shows the typical spectra for the cross sections and analyzing powers(A,, A, ) at BLab = 35'. Several discrete peaks in the low excited region and broad bump at an excitation energy around 10 MeV with a width of about 5 MeV are clearly observed. The ground state seems to be not excited by this reaction. Angular distributions for representative states are shown in fig.7 after subtracting a reasonable background as shown in fig.6 . If we apply our empirical rule of A, to the transitions to the low lying states, it can be concluded that they are most probably due to the Gamow-Teller type transitions since their A, are large negative at forward angles. The spin-parity of the first excited state at E, = 0.32MeV is known to be 3-. Therefore the transition to the first excited state($--+ f -) should be the Gamow-Teller type and indeed our empirical rule of A, nicely agrees with it. The DWBA calculation is performed for the first excited state with the shell model wave functions/43/ and an excellent fit for the cross section and resonable fits for the analyzing powers are obtained as shown in fig.7 as solid curves.
The broad bump observed at around E,=10 MeV together with 5.9 MeV state presumably corresponds to the SFDR predicted by the shell model calculation. This conclusion is supported by the evidence of a flatter shape of the angular distribution for these transitions indicating 1 compared to the low lying l = 0 transitions(see fig.7 ). It is clear that the ( & 2~e ) reaction is a powerful means to study the nuclear structure of the neutron rich nucleus and the analyzing power plays a major role in assigning Gamow-Teller type transitions.
Summary
In the first part I presented recent developments of the studies of transfer reactions by using polarized beams by showing three examples: i) occupation probabilities around 40Ca, ii) PTCs and the deuteron D-state amplitude and iii) ( d , p ) reaction and the quasi-ADWA. Obvious merits of measuring polarization observables in the course of these studies are presented.
The transfer reaction which is important in its own right has been providing basic and valuable information for many years and it is still more expanding to various fields. However more efforts are demanded to establish further the transfer reaction as a quantitative probe to provide precise data.
In the second part I have shown the new+development of the deuteron induced chargeexchange reactions, namely (& d,,o) and (d,'He) reactions, which exclusively excite spinand isospin-flip transitions. The reaction mechanism has been studied to examine the validity of FSI treatment and then these reactions have been applied t o many nuclei to investigate nuclear structures. As an example the study of the " B ( @ H~) " B~ reaction is presented to show the ability of identifying the Gamow-Teller and the SFDR transitions where the effect due to the loosely bound neutron might appear.
Up to now the (q2~e)reaction is studied at RCNP with a conventional SSD counter array and at SATURNE with an existing magnetic spectrograph SPES4. Their effective solid angles(neff)' are 1.2 msr at Ed=70 MeV and 0.4 msr at E d =2 GeV, respectively. Second generation magnetic spectrographs are being built at RIKEN/44/ and at Texas A&M/45/. They are designed to detect the 'He particle"^ from the beginning so that having large effective solid angles, 5.5 msr at Ed=270 MeV(R1KEN) and 4 msr at 160 MeV(Texas A&M), respectively. Owing to this large solid angle and to the better energy resolution it is expected to yield high quality (d,'He) data in near future. The next conference on the Polarization Phenomena in Nuclear Physics will be flooded with these high quality data hopefully with new exciting physics.
